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This research analyses the introduction of unified power quality control 
(UPQC) to mitigate the power quality problems, which is caused by using 
power electronics devices. In this article, the challenges in power quality, the 
suggested UPQC control approaches that are made by the distributed 
generation of dynamic voltage restorer (DVR) and static synchronous 
compensator (STATCOM) with the DC-link. The DVR is a series active 
power filter (APF) compensator and the STATCOM is a shunt APF 
compensator. In the meanwhile, DVR compensates voltage related issuesas 
well as STATCOM provides the needed reactive power supply by load and 
reducing the current issues associated with the unity power factor. The main 
objectives of the UPQC to mitigate voltage imbalance, harmonics, negative- 
sequence current and reactive power. To overcome the PQ issues the 
multifunction power conditioner is implemented. In addition, several 
proposed control approaches were employed and compared with series and 
shunt APFs. In MATLAB/Simulink software is used to illuminate the 
performance of the control strategies. Finally, the simulation will be evaluated 


and PQ problems in UPQC will be reduced by various techniques such as unit 
vector template generation technique (UVTGT), power balancing theory 
(BPT), proportional integral (PI) control technique and hysteresis control 
technique. 
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1. INTRODUCTION 

Distributed generation systems can supply electricity to the traditional grid, microgrid, or smart grid. 
That can become a major issue of unpredictable weather conditions so that the system produces high 
fluctuations, instability, poor voltage regulation, and low reliability. To overcome these issues, power 
electronics devices are used to integrate into the systems like rectifiers, inverters, and capacitor banks by this 
integration, power quality issues are rising from the system, such as current and voltage-based issues, such as 
voltage swell and sag, interruptions, poor power factor, harmonic distortion and imbalance in the output 
efficiency. To tackle the operations of the power system, flexible alternating current transmission system 
(FACTS) devices were familiarized [1]. Unified power quality control (UPQC) is one of the FACTS family to 
compensate for the different voltage problems of the power supply and harmonic distortion problems. This is 
examined in a 10 kV distributed network. Solar photovoltaic (PV), wind energy and fuel cell-based microgrid 
system were designed and analyzed the power quality issues and improved using UPQC with p-q and d-q 
theory [2]. In modern trends, custom power system devices are used for power electronic controllers based on 
static synchronous compensator (DSTATCOM), dynamic voltage restorer (DVR), and UPQC. DVR is 
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applicable for the economic losses problem and is cost-effective [3]. Current and voltage-related issues are also 
mitigated by the series and shunt active power filter, which has a standard limit of +- 5% [4]. The development 
of the algorithm of an instantaneous reactive power theory for a shunt compensator, its implementation, and 
an evaluation of power quality indices to demonstrate the mitigation of power quality in distribution system. 
Total harmonic distortion (THD), power factor, and efficiency are evaluated using various control techniques [5]. 

This FACTS device can compensate for the load voltage and grid current at the unity power factor at 
the same time [6]. Solar PV array with UPQC is utilized with series and shunt active power filter (APF) to 
eliminate the PQ issues. Also, the THD analysis of the grid current is obtained, which is within the limit of 
IEEE standard of 519 and 11,159 [7]. Moreover, the optimal location of the system is allocation of the 
distribution side, which is installed a FACTS device is called a DFACTS [8]. FACTS devices are used for 
voltage regulation in a microgrid, the STATCOM is designed in bus A. The new features enhance the benefits 
of the UPQC the grid can cut down the current regulation on the inner loop circulating power [9]. DVR is 
analyzed under different configurations in solution for power quality enhancement by APF, consisting of the 
transformer, voltage source inverter (VSI), battery, and bypass switch. To enhance the DVR performance, 
Flowering locus C (FLC), artificial neural network (ANN), and space vector control can be integrated [10]. 
Furthermore, the designed system can be used with various control techniques, and all the methods are 
simulated in MATLAB/Simulink sim scape power system software tool. This simulated system compensates 
for the high power load like 250 MVA consisting of dynamic load and direct torque control (DTC) motor 
drive [11]. The analysis and presented of an automatic transition of a solar PV array and battery incorporated 
UPQC (PV-B-UPQC) between independent and associated to grid operating modes [12]. Similarly, 
modification of gain parameters of four proportional integral (PI) controllers in the STATCOM control circuit 
using evolutionary algorithms and the bacteria foraging algorithm [13], resulting in improved responses and 
voltage stability due to the non-linear nature of the solar-wind hybrid micro-grid [14]. This study describes the 
smart metering installation in domestic access with proper communication [15]. The PQ improvement in 
renewable sources microgrid employed fuzzy logic theory to improve the dq reference currents, which were 
then used to construct space vectors with appropriate sector selection purpose of providing precise pulse width 
modulation (PWM) signals for inverter control [16]. 

The power compensator is employed for an improved and more efficient control strategy, such as voltage 
and current regulation of the microgrid circuit, and it employs a convolutional neural network (CNN) having long 
short-term memory to achieve superior time consumption indicators [17], [18]. The use of the reweighted zero 
attracting technique, which exhibits good steady-state and transient performance. A novel state observer based 
SMC for UPQC inverters is intended to be resilient in the face of parameteric and external uncertainty. Using the 
proposed design, UPQC gained active and reactive power injection capabilities in addition to its well-known 
benefit. Experiments were carried out in various circumstances to validate the efficacy of the suggested strategy 
in increasing power quality metrics [19], [20]. In series circuit is controlled by DVR, and the voltage varies in 
response to load variations, which are assessed using the suggested rational energy transformative optimization 
algorithm [21]. This method supplies the appropriate PWM to the VSI, which creates and absorbs real power (P) 
or reactive power (Q) separately. DVR loads are affected by separate injection voltage recovery line voltages [22]. 
To enhance the PQ parameters connected with the MG system, the Bayesian regularisation approach is employed 
to train the ANN controller associated with the DSTATCOM [23]. 

To address the PQ concerns associated with an AC MG incorporating a PV array and a wind energy 
producing unit, an ANN-based DSTATCOM controller has been developed. This analysis takes into account three 
PQ parameters: system frequency, total harmonic distortion, and PCC voltage. Recently, power quality effect 
mitigation strategies that take use of bidirectional power flow from car to grid and grid to vehicle grid-to-vehicle 
have been explored [24]. Methods and techniques for addressing power quality issues in the EV-enabled 
distribution system are explored. 

Development and construction of distributed systems of control for AC, DC and hybrid AC/DC 
microgrids distributed controllers are said to have numerous benefits over centralized control schemes [25]. Model 
predictive controller for the wind energy conversion system that is connected to the grid. The system has wind 
energy as its input, and its AC source is converted into DC by a rectifier [26]. Multipath delay commutator fast 
fourier transform has been proposed for enhancing the throughput and speed [27]. 

Consequently, this paper describes the system configuration in session 2, which consists of the 
operation and design of UPQC in a hybrid microgrid. Session 3 discusses the various controlling techniques 
with suitable control blocks. Then the main work of this work, simulation, and result studies were presented in 
session 4 with a suitable design for the proposed system. Also, the performance is analyzed by the results of 
the simulated system. Finally, the conclusion is discussed in session 5. 
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2. SYSTEM CONFIGURATION 

The designed system is implemented by the source of hybrid wind energy conversion system and solar 
PV with battery. This hybrid sources is connect with the transmission line. Using power electronic devices, 
power quality issues are produced. To overcome this power quality issues, implement the UPQC. 


2.1. Unified power quality conditioner (UPQC) 

UPQC is a multifunctional power conditioner, also known as the universal active filter. Combination of 
series and shunt APF compensator with DC-link capacitor are used as an advanced version of the UPFC, which 
is utilized to mitigate the current related problems, voltage related problems, harmonic distortion and delivers the 
Q to enhance the unity power factor to the power system. The power supplied is linked through a shared DC 
connection, ensuring continual actual power exchange. The reactor is used to connect the DC connection. 
Specifically, the series APF is controlled the voltage source in the manner of mitigating the voltage sag, voltage 
swell, voltage interruption, and voltage harmonics. Shunt APF injects the compensating current to the current 
source through a transformer. The APFs are separated by the distributed generations, as shown in Figure 1. 


Transmission Line Non-Linear 
Loads 


Wind Energy 
Conversion 
System 


Solar PV 
with Battery 


Shunt Control 


Figure 1. Proposed block diagram of UPQC based microgrids 


Senes Control 


2.2. Operations of UPQC 

The mathematical modeling of the UPQC is analyzed, and the power flow is separately operated by 
the power supply, series APF, and shunt APF. Consider the microgrid power system is supply by Kirchhoff's 
law, in (1) and (2): 


di é 
Vane = Ve Ls Rstiine — Yosr (1) 


line = t — ish (2) 


where V,,,-phase voltage of the power system, V; is source voltage, L; and Rs are inductance and resistance of 
the transmission line, ijjn¢ is line current, V,,, is the output voltage of series APF, i, is load current, i,, is 
shunted current of the Shunt APF. 

The voltage injected by series APF is expressed in (3) and (4): 


Vinj sr — Viref -V, = —V,K40 (3) 


— “-Vi 
K= (4) 
where APF’s are used to control the voltage swell and sag, V,,.7 is reference load voltage, V, is terminal 
voltage. The injected voltage from the series APF is considered asV,,¢. And the power factor (PF) of the load 


is cosQ, which provides nearly unity PF, which is the source current, the factor 'K' represents the fluctuations 
of the source voltage in (5). 
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frase 
i, = 7 c080, (5) 


The complex apparent power absorbed by the series and shunt APF can be expressed in (6) and (7), 


Ssr = Por +I Qsr (6) 
Ssn = Vi * Ush (7) 
Where, P,, = Vg, * is * COS, (8) 
Qsr = Vor * is * sinD, (9) 


where P,,. and Q,, are the real/active (P) and reactive power (Q) of the series APF absorbs, in (8) and (9), isn 
is the difference between the current source and load current, including harmonics load current and Q. 


2.3. Design of UPQC 

Vac is the magnitude of the DC-link voltage, depending upon the depth of the modulation (m) is 1. 
The line voltage of the grid (Viine) is 400 V, the gain DC-link voltage is 653 V since the Vac should have more 
than twice the Viine. So, the Vac should be set as approximately 700 V. Cac is the capacitor of the DC-bus, which 
is based on the requirement of the DC-bus voltage. Where Vpn is phase voltage (350 V),isn is shunt current 
(29.36 A), aris overloading factor =1.2, k. is energy factor (0.1), and t is the minimum time (30 ms). Ls; is the 
series compensator inductor depending on the f,, is switching frequency (10 kHz), i; is a ripple current of the 
grid, andK,, is series injection 3. Ls, is the shunt compensator inductor. The parameters are represented in 
Table 1. As per the parameters of the UPQC, the system is implemented, which is represented in block diagram. 


Table 1. Parameters of UPQC 


Parameters Equations Values 
Vac 2V2Viine 653 V 
v3 *m 
Cac 3 Vonisnapket 2100 mF 
5 (Vaeset*2 — Vac*2) 
Ler V3MVacsetKse 3.6 mH 


12 ay bs for * lysr 


K, sr Vine 3 
V3 * Ver 
Lsh V3MVacset 3 mH 


12 a * fon - lsh 


3. CONTROLLING TECHNIQUES 

Reference signals for the control of both series APF and shunt APF components of the UPQC have to 
be designed accordingly using several control algorithms usually used to control the STATCOM and DVR. 
The control algorithms are classified into two such as the time domain and the frequency domain. In this 
research work, we deal with time-domain controlling techniques. 


3.1. Unit vector template generation technique (UVTGT) 

This is series APF-based control, which is used to reduce the controller burden as well as this is very 
easy to implement. This control method does not need PI tuning. 3 phase phase-locked loop (PLL) is used to 
generate wf corresponds to the voltage source (reference phase). When wt is sum up with 6, in the estimator 
block of the power angle, which is used to generate 3 phase balanced unit vector because time varies concerning 
amplitude shown in 10. The simulation diagram is shown in Figure 2. 


sin(wt + 6,) 


= |sin(wt + 6, - ai /.,) (10) 
sin(wt + 6, + 2m /.) 


Ua 
Uy 
Ue 
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The reference series voltage signal is generated by the reference amplitude of the source voltage and 
provides the product with the unit vectors. The switching pulses for the VSC MOSFETs are generated using a 
fixed frequency carrier-based sinusoidal PWM. This approach is based on the unit vector template technique. 
Then the sensed series and V, signals are provided to hysteresis control of series APF. 


Figure 2. Simulation diagram of UVTG control method 


3.2. Hysteresis control technique 

This control technique generates the switching pattern of the inverter, which is connected in shunt APF. 
This control method is a simple and easy method to implement and understand the stability of the systems 
unconditionally. This method depends upon the reference and injected current from the control signal. The 
switching pattern decides by the hysteresis current controller. This operation is set as the reference current, where 
the error gets close to the upper limit bands, then the current automatically decreases. When the error goes to a 
lower limit, the current automatically increases the corresponding structure, which is shown in Figure 3. 
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Figure 3. Simulation diagram of hysteresis control technique 


3.3. Power balance theory (BPT) 

The power balance theory is based on the shunt APF compensator, here the VSabc, Isah- source voltages, 
and source current are transformed to Iref ap.) using Clarke transform. Figure 4 shows the block diagram. In 
clarke transformation, the unit vector reference in-phase current is expressed in (11), 


V= [ecu? +i? +H) (11) 


Unified power quality control based microgrid for power quality enhancement ... (Mythreyee Madhavan) 


80 o ISSN: 2502-4752 
where the terminal voltage is V;at PCC in (12). 


Via = Va, Viv = Vp, Vic = Ve (12) 


Figure 4. Simulation diagrm of BPT 


Ismp = = (Fa/,) (13) 
lena = 2 * (“4/y) « (6 « 50) (14) 
Ism = smp + Ima (15) 


Where Ismp and I¢mq are the magnitude of the source current in the p domain and d domain respectively. Pg, 
is the reference power to Voltage, likewise, the d domain current represents the Vac to V with switching 
frequency with switches. Finally, the magnitude of the source current is a product of Igm, and Ismq. They are 
described in (13)-(15). 


lrefa j Vv 
sm 


Iver] = "(Vs (16) 


Lee fC c 

The current compensation I., calculation is illustrated in (16). Then, the reference current control the 
signals from the transform and the controlled signals are given to the hysteresis controller with the shunt current 
(Isniabe)). And the pulse is given to the shunt APF and the calculation is shown in (17). 


ILa 

L 
ta) _ [i 
leo) = lic, (17) 
I¢¢ Thc 

Tre fc 


3.4. PLL with PI control 

Figure 5 shows the PI control block diagram. The PI controller is a very basic and simple controller, 
which consists of 3 @ phase-locked loops (PLL) from the voltage source Vsabc. The dq transform converts the 
abc to the dq domain from the voltage load abc Viatc. The selector is used here to extract the signals to 
proportional integral (PI) with constant values, again the signal converts from the dq- abc domain. The pulse 
width modulation generator (PWM) is used here to control the signals and finally gives the pulse to the series 
APF compensator. 
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Figure 5. Simulations of PI control 


4. SIMULATIONS AND RESULTS STUDIES 

The hybrid microgrid is connected to the grid, which increases the power quality issues by the 
distributed system also produced by power electronic devices. The main problem is voltage fluctuation in the 
form of voltage sag and voltage swell. These voltage-related issues may mitigate using various control 
techniques done by DVR. Then the current related issues reduce by various techniques done by STATCOM. 
The proposed system of the UPQC-based microgrid is designed in MATLAB/Simulink with the Simscape 
software tool. Here the load is non-linear and consists of a three-phase universal bridge with MOSFET/Diodes 
as well as an R-L load with sufficient ratings. The solver type is Tustin with the discrete simulation type belongs 
to 50e*-6 sample time (s) as shown in Figure 6. 


Figure 6. Proposed system of UPQC based microgrid 


To begin with, the simulation of a hybrid microgrid without using UPQC compensator. The 
performance of the without using UPQC analysis is shown in Table 2. The performance of the system analysis 
conducts basic parameters such as source voltage Vs, source current I, load voltage V_ and load current I. 


Table 2. Performance analysis of the system without UPQC 


Parameter THD% THD% 
Without APF V, = 16.67 I, = 12.08 
Vi, =17.77 I, = 12.63 
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4.1. Performance analysis of UPQC with hybrid microgrid 

The hybrid solar, wind, and battery are the source of the grid, which is connected with the UPQC 
compensator. On the load side, non-linear loads are connected with the rectifier. Here the series APF and shunt 
APF converter has placed in suitable places of the system. Without a UPQC system shows that has more power 
quality issues occurred like higher THD in voltages and currents with irrelevant real and reactive power values 
for this designed system with lower power factor. So, time domain-based controlling techniques were 
implemented to compensate for the power quality issues. Firstly, we proposed the UVTG technique in a series 
APF compensator, and the hysteresis control technique is employed with a shunt APF compensator shown in 
Figures 7 and 8. 
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Figure 7. Voltage waveform Figure 8. Current waveform 


Here, Figure 7 first layered waveform represents that the fault condition is produced in the period of 
0.6 to 0.8 seconds is represented as sag voltage and 1.4 to 1.6 seconds is defined as swell voltage. This is 
because of the fault, the amplitude gets reduce from 300 V to 200 V (sag) with a 0-degree phase angle and 50 
Hz. Also, the amplitude gets increases from 300 V to 400 V (swell). At the time of fault condition, the UPQC 
with the proposed UVTG controller and hysteresis controller was used to analyze the performance. Figure 7 
second layered waveform represents the injected voltage of 150 V (sag) and 300 V (swell) from the 
compensator to rectify the fault condition. Figure 7 thrid layered waveform shows that the faulted periods are 
rectified and supplied to the load voltage. Figure 8 represents the load current, injected current, source current, 
and DC link voltage respectively, where the peak DC-Link voltage is 500 V and 1,000 V. Table 3 presents the 
performance analysis of UVTG and hysteresis control technique. 


Table 3. Performance analysis of UVTG and Hysteresis control technique based UPQC 


Parameter THD% THD% Power Factor (PF) 
UPQC with UVTG and Hysteresis control V, = 0.04 I, = 0.01 1 
VL =3.10 I, =2.14 1 


Likewise, the other has been utilized in the series APF and shunt APF compensation in UPQC. PI 
controller is integrated into series APF and Power balance theory is integrated into shunt APF, as shown in 
Figures 9 and 10. Figure 9 represents the source voltage injected voltage and load voltage. The injected voltage 
injects the voltage to the sag and swell condition. The peak injected voltage to the sag is 150 V and injected 
voltage to the swell is 100 V. Figure 10 describes the injected current as 200 A and 400 A to the source current. 
Then the DC-link voltage is 50 V and 60 V to the shunt APF compensator, as shown in fourth layer waveform 
of Figure 10. Table 4 represents that the performance analysis of the UPQC-based PI and BPT control can 
mitigate the power quality issues, which are listed in the values below. 

According to this analysis of the UPQC with various controllers can mitigate the power quality issues, 
where the THD of the source voltage can be more efficient in UVTG technique than PI series APF compensator 
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has 0.04% and the load voltage is 3.34%. Then the THD of the source current is 12.02% and 3.08% of load 
current in BPT is more effective than hysteresis control APF compensator. The power factor of the proposed 
system with proposed techniques was simulated with suitable requirements of the microgrid, which has 1 PF 
(unity power factor). This analysis illustrates that all the controlling techniques were executed in the proposed 
system due to the working condition of the system leads to PF sustainability. 
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Figure 9. Voltage waveform for PI control Figure 10. Current waveform for BPT 


Table 4. Performance analysis of UPQC based PI and BPT 


Parameter THD% THD% Power Factor (PF) 
UPQC with PI and BPT Control V, = 0.01 I, = 1.01 1 
Vi = 3.34 I = 3.08 1 


5. CONCLUSION 

In this work, proposed hybrid microgrid-based UPQC with proposed controlling techniques were 
implemented. The system operates in isolation mode that maintains the power supply continuously to the loads. 
Since due to RES, the system provides the power quality issues, this proposed system mitigates the power 
quality issues and operates in stable condition. However, the behavior of the proposed system has been 
satisfactory also recommended THD limits within the IEEE-519 standard. Moreover, the hybrid microgrid with 
UPQC is satisfactory under various control techniques besides voltage sag/swell. The system operates properly 
in also under various disturbances. The system is suitable for non-linear loads such as domestic users, and data 
centres. and sensitive loads. Furthermore, the system was analyzed with various control techniques. All control 
techniques are working properly with IEEE standards and are demonstrated in MATLAB/Simulink. The future 
scope of this work is to take a bit longer analysis of all of India's national grids and compare it to the proposed 
hybrid microgrid. 
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